Much of the ecology of rare bumblebee species remains poorly understood and in need of further study. It has recently been suggested that differences in the range and rate of decline among bumblebee species may relate to differences in their degree of habitat specialization. We examine biotope use by 17 bumblebee species in the Hebrides, southern UK and South Island, New Zealand. We identify a cluster of widespread and abundant species that occur in almost all biotopes and exploit man-made environments such as gardens and arable margins, this group corresponding to the ''mainland ubiquitous'' species of previous studies. A second grouping of species includes those associated to varying degrees with heathland. It is notable that some species occupy markedly different biotopes in different parts of their range; for example B. soroeensis is found largely on upland heaths in the Hebrides, but on calcareous grassland in the south. Some species, such as B. subterraneus and B. distinguendus, now survive only in specific rare biotopes and could be mistaken for habitat specialists, but it is clear from their historic distributions that they formerly occupied a broader range of biotopes. Surviving populations of several of the species that have declined most (B. distinguendus, B. sylvarum, B. muscorum sladeni, B. humilis) exhibit a markedly coastal distribution, when once they were widespread inland. We suggest that this is probably simply because some coastal biotopes are less amenable to agricultural improvement, and so more have escaped the detrimental effects of intensive farming. Our results concur with previous suggestions that bumblebees are generally not habitat specialists, so that the conservation of most bumblebee species could be achieved by restoration of flower-rich unimproved meadows.
Introduction
Pollinators in general and bumblebees in particular have suffered declines in abundance and range contractions in the last 60 years, across much of western Europe and North America (Williams 1982 (Williams , 1986 Rasmont 1995; Kosior 1995; Buchmann and Nabhan 1996; Westrich 1996; Westrich et al. 1998; Goulson 2003) . Of the 25 bumblebee species known from the UK, three species are extinct and many more have undergone significant range contractions, with the possibility of further UK extinctions in the near future (Alford 1975; Edwards 1998 Edwards , 1999 Edwards , 2000 Edwards , 2001 . It is widely accepted that these declines are linked to the intensification of farming practices, although much of the evidence is anecdotal (Williams 1986; Osborne and Corbet 1994; Goulson 2003) .
The plight of our bumblebee fauna deserves particular attention because many other organisms are dependent on bumblebees for their survival. A large number of wild plants are pollinated predominantly or exclusively by bumblebees, sometimes by particular species of bumblebee Osborne et al. 1991) . Thus, it seems probable that reductions in the abundance and species richness of bumblebees may lead to widespread changes in plant communities . These changes will have further knockon effects for associated herbivores and other animals dependent on plant resources. In addition, bumblebee nests support a suite of commensal, parasitic and parasitoid species (Alford 1975; Goulson 2003) .
A small number of bumblebee species (six in the UK) seem to have been largely unaffected by changes to the environment in the last 60 years, and so far as can be established have suffered no declines in either abundance or range and remain more or less ubiquitous. These species appear to be more generalized in their foraging preferences than some of the rare species, which perhaps explains their ability to adapt (Goulson et al. 2005) . However, both common and rare species overlap greatly in their forage use, with almost all species preferring to collect pollen from Fabaceae. Williams (2005) recently showed that rare and declining species in Britain tend to have small geographic ranges within Europe. He suggests that these species may have more specific habitat associations, which render them more susceptible to environmental change. However, very little is known about the habitat requirements of bumblebees. Indeed, knowledge of all aspects of the ecology of the rarer species of bumblebee is very limited. Ecological studies of rare and declining species are urgently needed if appropriate conservation measures are to be deployed. Here we examine the biotopes occupied by 16 of the 17 extant 'true' bumblebee species in the UK, and also biotope use in the four bumblebee species found in New Zealand which include B. subterraneus, now extinct in the UK. We exclude the socially parasitic 'cuckoo' bumblebees (subgenus Psithyrus) because their distributions are presumably governed largely by that of their hosts.
Methods
We collected data on the presence or absence of bumblebee species at 70 sites in southern and central UK (Salisbury Plain, S. Wales, S. Essex, N. Kent, Dungeness, Somerset levels; S. Hampshire and Hertfordshire), 70 sites in central south Island, New Zealand, and 14 islands in the Hebrides, UK (Canna, Rum, Muck, Eigg, Coll, Tiree, Colonsay, Staffa, Lunga, Barra, Muldoanich, Pabbay, Mingulay and Sandray). Sites were chosen to span the range of biotopes present, and in many cases were also chosen on the basis of prior knowledge as to the presence of rare bumblebee species. The New Zealand bumblebee fauna was deliberately introduced at the end of the 19th century from the UK (Hopkins 1914) . Clearly the ecology of these species in New Zealand may be markedly different to that in the UK, and this must be borne in mind when interpreting the results. The reason for including the New Zealand data is a practical one; one of the species present there, B. subterraneus, is extinct in the UK and exceedingly rare in most of Europe, so that New Zealand is the only place known to the authors where it can be observed in any numbers.
Studies were carried out between June and August 2002 -4 (southern UK), January 2003 (New Zealand), and June-August 2003 -4 (Hebrides). Each site was searched for one man hour, or until the searcher was satisfied that there were unlikely to be further undetected bee species. In the Hebrides, separate searches were conducted in the different biotopes that were present on each island. All searches were conducted between 08:00 and 17:00 h, and during warm dry weather favourable to bee activity. Species that are difficult to distinguish on the wing, such as B. humilis and B. muscorum, were captured and examined with a hand lens. For B. muscorum, three morphologically distinct subspecies were present in the study areas, and separate records were kept for each. In the UK, biotopes were broadly classified into phase one habitat survey categories (Anon 1990) . Modifications to these categories were necessary in New Zealand. Some sites contained more than one biotope type.
The proportion of occupied sites for each bee species found in each of the different biotope types was examined using principal components analysis in SPSS 11.0, with separate analyses for southern UK, the Hebrides and New Zealand.
Results and discussion
It must be borne in mind that in both southern UK and New Zealand, searches were targeted at areas where the rarer bees were known to occur, so the frequency of occurrence of rare bee populations is far higher than would be expected if these biotopes were searched at random. In fact, for B. sylvarum and B. muscorum sladeni (the English race) all known populations were included.
Southern UK
Some species, such as B. terrestris and B. pascuorum, were almost ubiquitous in the southern UK, occurring in such diverse biotopes as coastal shingle, fens, gardens, woodland and arable margins (Table 1) . A further four species were very widespread (B. lapidarius, B. pratorum, B. hortorum, B. lucorum). Together, these six species correspond to the ''mainland ubiquitous'' species of Williams (1982) . They are all widespread in Europe and, with the possible exception of the long-tongued B. hortorum, are known to have broad diets (Williams 1982 (Williams , 1989 (Williams , 2005 Goulson et al. 2005 ). This presumably explains, at least in part, why they flourish in diverse biotopes. These six species cluster together in the principal components analysis of the southern UK data (Figure 1a) , largely due to their frequent presence in arable margins and gardens, biotopes in which none of the other bumblebee species were recorded. Interestingly, B. hypnorum also falls within this group. This species was first recorded in the UK near Southampton on the south coast in 2001 (Goulson and Williams 2001) . This continental European species appears to be one of few species of bumblebee which has undergone range expansions in recent years. It is not clear how it crossed the Channel to the UK, but it seems to be largely associated with gardens at present. Its UK range has expanded north as far as Hertfordshire although it remains a scarce species (D.G. unpublished data).
A second cluster of species, B. sylvarum, B. humilis and B. muscorum sladeni, were associated with coastal biotopes (dunes, grazing marshes and shingle), and with the exception of Salisbury Plain which supports all three species, almost all known populations are coastal. A third loose grouping of species (B. ruderatus, B. soroeensis and B. ruderarius) is associated with calcareous grassland, although it must be noted that the numbers of populations recorded for all three were very low. It is also interesting to note that B. ruderarius was frequently encountered in urban gardens in Leicester until the mid 1980s (Owen 1991) . This species appears to have undergone a particularly marked decline in recent decades that remains unexplained, particularly since it was once an inhabitant of urban gardens that are still present in abundance throughout the UK. Perhaps the urban populations were maintained by immigration from surrounding areas that have since become degraded.
The only remaining southern UK species, B. jonellus, was recorded in gardens, lowland heath and on calcareous grassland, three rather different biotopes (Table 2) .
Hebrides, UK
Three of the 'mainland ubiquitous' species, B. pascuorum, B. hortorum and B. lucorum were strongly associated with gardens, road verges and semi-improved grassland, similar disturbed biotopes to those in which they occur in southern UK (Figure 1b) . B. jonellus and the rarely recorded B. soroeensis were separated from the other species by their strong preference for upland heath. The very rare B. distinguendus was only recorded on machair and on nearby dunes. The remaining species were quite generalised, being recorded in a range of biotopes. It is noteworthy that B. muscorum is almost ubiquitous in the Hebrides and is often the most abundant species, in stark contrast to the situation in England and Wales. B. muscorum smithianus is particularly frequent on heaths, a biotope in which it does not occur in southern UK.
New Zealand
Of the four UK bumblebee species now in New Zealand, only B. subterraneus shows any strong biotope preference. Most populations were found on the shingle margins of large lakes, and all of the individuals recorded were within $1 km of a lake. The two closely related long-tongued species, B. hortorum and B. ruderatus were found in similar biotopes (road verges, shingle river margins, improved pasture and non-native scrub). As in the UK, B. terrestris was ubiquitous, being found in all biotopes including native New Zealand forests Table 1 . Numbers of populations of different bumblebee species identified in a range of biotopes. The total numbers of each biotope type surveyed are given in the final column.
pasc terr lapi luco magn prat hort hum sylv jone hypn musc slad musc smith musc pall ruderar soro ruderat subt N where the other bumblebee species do not occur. It is notable that the pattern of abundance of these four species is identical to that found in the UK (B. terrestris > B. hortorum > B. ruderatus > B. subterraneus). B. subterraneus was only found at sites where all three of the other species were present.
Synthesis
A striking feature of these data is that all bumblebee species were found in more than one biotope, and most species were found across a broad range of biotopes (Table 1 ). Even very rare species often do not appear to have tight biotope associations. For example B. sylvarum is probably the second rarest extant bee species in the UK, with about seven surviving populations, yet these are found in such diverse biotopes as the Somerset levels (fenland) and the dry calcareous grasslands of Salisbury Plain, two biotopes that have few plant species in common. B. muscorum sladeni and B. humilis are also rare but survive in a range of different biotopes. If these species are not dependent on particular biotopes, why are they rare? The answer may be that although these species occur in diverse biotopes all of these biotopes are themselves rare. The area of calcareous grassland in the UK has declined by >98% in the last 60 years (Howard et al. 2003) , while marshes and fens have been extensively drained. Many bumblebee species that are now rare or extinct in the UK were once much more widespread (Alford 1980) , and must have occurred in a much broader range of biotopes. For example B. distinguendus is now exceedingly rare and found only in a few areas of machair and dunes in the far north and west of Scotland. Yet it is clearly not a machair specialist; its former distribution spans 75, 50 km cells (Williams 2005) and covers the entire country south to Cornwall, with numerous inland records from, for example, Oxfordshire, Warwickshire and Berkshire. Similarly, B. subterraneus appears to be restricted to the vicinity of lakes in New Zealand, particularly shingle-covered lake margins where there is plenty of its favoured foodplant, Trifolium pratense (Goulson and Hanley 2004) . The last known population in the UK (which became extinct in about 1988) was on the coastal shingle at Dungeness. Yet, clearly in the past this species was Table 2 for principal components loadings. Abbreviations as in Table 1 .
not confined to shingle (a very rare habitat in Europe), for in the UK it was once distributed throughout the south, the Midlands and East Anglia (Alford 1980) . It is notable that almost all of the sites with high bumblebee species richness in the UK are now coastal, and it is unclear why this should be. Coastal populations of rare bees occupy very varied biotopes (marshes, dunes, calcareous grassland, shingle). What feature do these biotopes have in common that allow them to support these rare bumblebee species? It seems probable that they all have a higher floral density and diversity than the intensively farmed countryside that comprises most of the British landscape. Declines in British flora as a result of agricultural intensification are well documented, and have occurred over a similar timescale to the contractions of bumblebee distributions (Grime et al. 1988; Rich and Woodruff 1996) . A particular change likely to have had a major impact on bumblebees is the switch from hay to silage production (Rasmont 1988) . Fabaceae are among the favoured food sources of almost all UK bumblebee species (Goulson et al. 2005) , and hay meadows are rich in Fabaceae such as Trifolium and Lotus. Large tracts of the farmed lowlands of the UK probably once supported high densities of wildflowers in hay meadows, unimproved pasture and hedgerows, so that currently rare bumblebee species were once widespread. The contraction of rare bumblebee populations to coastal sites may simply be because coastal biotopes such as dunes, shingle and marshes are relatively infertile and unproductive for agriculture, and so have been more likely to escape the negative effects of intensive farming. That there is not some factor present only in coastal sites that is essential to these rare bee species is demonstrated by both the large former ranges of these species and by the survival of many rare species on Salisbury Plain (Goulson and Darvill 2004) , the largest tract of England to have escaped intensive cultivation through its status as a military training area.
These arguments do not explain why some bumblebees are much rarer than others. Some bumblebee species such as B. subterraneus appear to be relatively rare wherever they occur, and it is interesting that even when transported to the opposite side of the globe in New Zealand, the relative abundance of bumblebee species remains constant. Williams (1988) argued that rare species tended to be those near the edge of their latitudinal range. Such species are presumably poorly adapted to local conditions and thus can only survive in high quality habitats; when these become degraded, they are the first species to disappear. This argument is sensible but does not explain why some species should be rare throughout their range, and it is inconsistent with the abundance of B. terrestris and B. lapidarius in the UK when both are near the northern edge of their range. More recently, Williams (2005) found no evidence to support the range edge hypothesis but showed that rare species with low abundance also tended to have small geographic range across Europe. However, this leaves the question as to why these species are rare and have smaller ranges unanswered; Williams suggests that it may be because these species have more specific habitat or climatic requirements. Goulson et al. (2005) present evidence that many of the rarer UK species have more specialized diets, favouring pollen from Fabaceae, while the 'mainland ubiquitous' species have broad foraging preferences and readily encompass non-native garden plants in their diets (see also Goulson et al. 2002) . This could explain differences in abundance between species, for species with narrow diet breadth have access to less resources, and as biotopes are degraded and floral resources decline, these specialists will be the first species to disappear. At least three UK bumblebee species appear to occupy very different biotopes in different parts of their range. In the Hebrides, B. soroeensis, B. jonellus and B. muscorum are associated to varying degrees with heathland, and all three exploit Calluna and Erica for both nectar and pollen (Goulson et al. 2005 ). In the south B. soroeensis is associated with calcareous grassland, B. muscorum with coastal biotopes, and B. jonellus with a range of biotopes including gardens. Clearly even the rarer species can be adaptable with regard to forage and biotope use. For all three of these species the Hebridean and southern UK populations are morphologically distinct and have almost certainly been reproductively isolated for a considerable period of time, but it is unknown whether they exhibit local adaptation to the particular biotopes occupied in each region, or whether populations retain the ability to exploit markedly different biotopes according to availability. That there is at least a degree of local genetic adaptation is evidenced by differences in phenology between geographic regions: B. jonellus is an early species in England and nests are usually finished by June or July (Alford 1975) , but in the Hebrides it is the last species to emerge from hibernation and worker numbers peak in August and September to coincide with the peak flowering of Calluna (B.D. unpublished data).
In summary, most UK bumblebee species do not have tight biotope associations. Six species are generally widespread and occur in almost all biotopes. The rarer species are not generally found in gardens or intensively farmed land (arable margins, improved pastures), but appear to be restricted to a broad range of rare biotopes that have escaped the ravages of modern agriculture. Perhaps because of the difficulty in bringing them into agricultural production, many of these sites are coastal in location.
